ABSTRACT
INTRODUCTION
Sorghum [Sorghum bicolor (1..) Moench.] has become an increasingly important forage crop for dajry producers in the midwestern and plains region of the US. In Kansas and Nebraska alone, nearly 102,000 ha of sorghum were harvested for. silage in 1992. producing approximately 2,500,000 tonnes of silage [as fed (21)J.Forage sorghum can be planted later than com (Zea mays L.). uses water much more efficiently,. and,when exposed to summer drought, still Pfoduces acceptable silage yield~. Most comparisons of forage sorghum with corn have shown that .cows fed sorghUlQconsume less digestible OM and produce less milk (14) . Very little research concerning brown midrib (BMR)sorghumhas been conducted falfa (J4edicago sativa. L.) sit. is comparable with com silage for milk production. However. no research has compared BMR sorghum silage witJ1 corn and alfalfa silages, the two most common. forages for lactation diets in the midwestemUS.
Previous research has compared the digestibility ofBMR mIJtantsorghums and their. normal counterparts (4). WilQ the current diversity of available sorghum hybrids significant differences in NDF digestibility exist among sorghum hybrids. The objective of this research was to compare simultaneously a typical normal sorghum silage with· an advanced· BMR sorghum hybrid, com, and alfalfa silages. Measurements . included lactational performance, chewing activity .rumi.nal metabolism, and fiber digestibility . determined in vitro and in situ.
MATERIALS AND METHODS

Forage Harvesting and ending
All forages for· this experiment were harvested during summer 1992 at Mead. Nebraska. Second-cutting alfalfa (Agripro Dart; Agripro Seeds, Shawnee Mission, KS) was harvested in the bud stage. A uniform stand' of alfalfa was cut with a mower-conditioner and allowed to Wilt to approximately 40% OM prior to ensiling. Knives on the field chopper were adjusted to a .64~cm theoretical length of cut. Alfalfa yielded 10,086 kgIha (OM basis).
Com silage (Hoegemeyer 2715; Hoegemeyer Hybrids. Inc., Hooper. NE) was harvested at physiological maturity (35% OM) using a field chopper with knives adjusted to a l-cm theoretical length of cut. Corn silage yielded 12,551 kglha (OM basis).
The normal and BMR forage sorghums were grown in adjacent 1.6-ha fields. The normal and BMR sorghum hybrids (Greentreat n and SSX87; Vista Seeds, Webster City,IA) were harvested at the late dough stage of maturity (30% OM). The sorghum hybrids were harvested. using a field chopper with knives adjusted to a l-cm theoretical length of cut. Both sorghums yielded 16,000 kglha (OM basis). No differences in lodging between the two hybrids were noted at harvest.
All· four forages were ensiled in separate silage bags prior to . the lactation experiment. Samples of silages and TMR were composited weekly for analyses. Silage pH was measured weekly on fresh siI. samples, and fermentation acids (acetic, propionic, butyric, andlactic) were determined on 4-wk composite samples using 'the procedures described by Moon et al. (18) . Weeldy composite samples of silages and TMR were oven-dried (60°C), grQUnd through a Wiley mill (I-mm screen; Arthur H. Thomas Co., Philadelphia, PA), and analyzed for CP (I), NDF modified by C\!-amylase (26), ADF (26), and pem1anganate lignin (26). Alkali-labile phenolic monomers, released from neutral detergent residues of each silage using} M NaOH, were extracted and quantified using . . procedures described by Fritz et al. (9) . Neutral sugars were also quantitated using theproceduresdescrlbed by Fritz et al. (9) . A vertically oscillating sieve shaker (W. S. Tyler, Inc., Mentor. OH) was used to deter- Samples of ruminal fluid were collected during wt 4 of each period from ruminally fistulated cows at 4~h intervals for 24 b. The pH of ruminal fluid was measured immediately using a portable pH meter, and concentrations of YFA were determined by GLCO). The VFA samples were analyzed using a gas chroJournal of ~ Science Vol. 78, No.9, 1995 matograph (model 5890; Hewlett . Packard; Wilmington, DE) with a 2-mm Lt:!. c<>!umn that was 2.4m in length and packed with SP 1200 (Supelco, Inc., Bellefonte. PA).The rate ofN2 flow was 20 mUmin,' injection teinpe~ was 170'C, column temperature was ·120·C. and the flame ionization detector temperature was 200·C. Ruminal ammonia concentration wu determined according to the procedure of Broderick and Kang (3), using an autoanalyzer.
Fractional rate of NDFdigestion . of each silage was measured using the in· situ bag technique in which dacron bags containing 5 g ofsubsttate were incubated in triplicate within the ruinen of each cow for 0,6, . 12, 24, 36, 48, 72, . and 96 h. Dacron bags (Ankom, Fairport, NY) were 10 cm x 20 cm with a mean pore size of 53 ,...m. Prior to ruminal incubation! dried silage samples wex;e ground tbrQUgb a 2-mmscreen using a Wiley mill.' After removal from the rumen and rinsing (29) , all bags were dried 'at 6O'C and weighed. Contents were analyzed for ash-free NDF (26) , and values within time were pooled. The kinetics of NDF digestion and.apparent extent of ruminal fiber digestion were calculated as described by Grant (11) .
Fractional passage rate of each silage fr~ the rumen was determined using a rare . . ~ marker. Each silage wassoUe<i directly in" . .. solution containing SO mg of Er-acetateJg of OM in S to 10 ml of distilled water for 24 h and then soaked in 10 ml of .1 M acetic acidlg of OM for 6 h. Each flstulated cow consumed 100 g (DM basis) of labeled silage containing 260 mg of Er at the a.m. feeding. Ruminal digesta samples were collected from the ruminal mat at O. 6. 12. 24. 36. 48. 72 . and 96 h postdo$ing. The samples were dried in a forced-air oven at 6O·C to constant weight and ground through a I-mm screen using a Wiley mill. Erbium concentration for each silage and time combination was determined with an airacetylene flame using atomic absorption spectroscopy. Fractional passage rate of marked silage particles from the rumen was calculated using the techniques described by LlamasLamas and Combs (IS).
Apparent total tract flber digestibility was measured during wk 4 of each period for the flstulated cows only. Feed samples and rectal grab samples of feces were taken daily at the a.m. feeding for indirect estimates of digesti-. bility using the protocol of Nakamura and Owen (19). All feed and fecal samples were frozen and later comIiosited prior to chemical analyses. The apparent digestibilities of ADF and NDF were determined using the acidinsoluble ash ratio technique (2S).
In Vitro Fiber DIgestion Kinetics
The basic in vitro procedure was described by Grant (11) . The buffer solution was that of Goering and Van Soest (10) . Fermentation times were the same as for the in situ procedure. Tubes were swirled gently immediately after inoculation and at 6-h intervals for 24 h and every 12 h thereafter. Ash-free NDF was measured at each time (26). The ruminal fluid inoculum was obtained from a steer fed medium quality alfalfa hay. At collection. the mean pH of the ruminal fluid was 6.30 (± .20 SE) for all three replicates of the in vitro experiment. Calculation of lag time. fractional digestion rate. and extent of NDF digestion was described in detail by Grant (11) .
Statistical Analysis
Data from the intact cows were analyzed as replicated 4 x 4 Latin squares using the general linear models procedure of SAS (23). Ruminal pH. VFA. ammonia, and fiber digestion and passage data from the flstulated cows were analyzed using a model for a 3 x 4 Youden square design (S). Differences among treatment means for . . significant main effects were determined using Student-Newman-Keuls multiple range test (23). Significance was declared at P < .10 unless otherwise noted.
RESULTS AND DISCUSSION
Silage and Dietary Composition
Normal sorghum silage contained mOJl: permanganate lignin than BMR sorghum. alfalfa, or corn silages ( Table 2) . Concentrations of ADF and NDF were similar for the normal and BMR sorghums. In contrast, Fritz et al. (9) observed that BMR sorghum-sudangrass contained lower NDF concentrations than the normal counterpart; however. a review of BMR research (4) indicated that substantial variation existed in fiber composition among normal and BMR sorghum hybrids. Two distinct genetic lines of sorghum were examined in our study, a Ilormal sorghum that is currently available and an advanced BMR hybrid that is anticipated to be in commercial production soon. Use of these two hybrids enhanced our chances of observing significant performance responses to the BMR mutation.
Alfalfa silage contained the most CP and the least NDF (Table 2) . Corn silage contained the least ADF, and the NDF concentration was intermediate to those of alfalfa and the sorghum silages. Silage particle size, as measured by dry sieving. was equivalent for the two sorghums and largest for the corn silage.
The two sorghums were similar in the monosaccharide composition of the neutral detergent residue (Table 2) . Fritz et al. (9) also found no differences in neutral sugars between BMR and normal sorghum-sudangrass hybrids. Alfalfa contained a lower concentration of xylose an.d greater concentrations of mannose and glucose than the other silages. Corn silage contained the greatest amount of xylose.
The phenolic acid composition of the four experimental silages corroborates results of previous studies that have shown that BMR sorghums generally have lower concentrations of p-coumaric acid than do normal sorghums, but similar ferulic acid concentrations (4. 9) ( ferulic acid for normal sorghum Silage is ap-therefore, the primary differenceS among the proximately twice that fur eomsilage (Table four diets were 1) the concentration of lignin 2). In contrast, the ratio for BMR. sorghum is and phenoijc monomers supplied by the fOrsioiilar to that for cOrn silage.
age, 2) the concentration of dietaryADF and All si1ages~ontained oiinimal concentra':' NDFas intlu,enced by forage soUrce, 3) the tiODS of propionic and butyric acids. but sub-dietary, ,contentO! physically effective 'fiber stantial amounts of acetic and lactic acids (Ta-(NDF level x particle size), and 4) the source' ble 3). loIlmaI -of Dairy Science Vol. 78 . No.9. 1995 Com 5B .4',' 1. 8 .2 ghum diet consumed 17 and 25% more lignin than did cows fed the alfalfa or corn silage diets, respectively. Milk production was similar for cows fed the BMR sorghum, alfalfa, and com silage diets, but cows fed the normal sorghum silage diet produced approximately 23% less milk daily (Table 5) . Milk fat and protein percentages were greatest for the corn silage and lowest for the normal sorghum silage diet.
Production of milk fat (kilograms per day) was similar for cows consuming the BMR sorghum, alfalfa, and com silage diets, but cows fed the normal sorghum silage produced approximately 35% less milk fat daily. Milk protein production was greatest for cows fed the alfalfa silage diet, intermediate for the BMR SOFghum and com silage diets, and lowest for the normal sorghum silage diet. Lactose production was least for the normal sorghum silage diet. Production of 4% FCM was similar for cows consuming the BMR sorghum, alfalfa, and com silage diets and was lowest for the normal sorghum silage diet. Because of differences in OMI among diets, the efficiency of FCM production was greatest for the alfalfa and com silage diets, intermediate for the BMR sorghum, and lowest for the normal sorghum silage diet.
Although no previous lactation trial has compared normal and BMR sorghum silages to com silage, Lusk et al. (16) found no differences in milk production and composition beJournal of Daily Science Vol. 78, No.9, 1995 tween BMR sorghum and com silages. In our study, the normal sorghum silage was clearly inferior for milk production, DMI, and efficiency of milk production relative to corn silage, which agrees with some earlier research (14), but disagrees with others (22). Broderick (2) compared alfalfa and com silages fed at 60% of dietary OM and observed no differences in milk or protein production, although milk fat production was 65% greater for the alfalfa silage diet. In our study, the significantly higher milk protein production for alfalfa than for corn silage reflected the numerically greater milk production. No previous study has compared sorghum to alfalfa silage, but, in our study, the BMR sorghum was equivalent to alfalfa silage in supporting milk and fat production, although efficiency of milk production was lower than for either the alfalfa or com silage diets, reflecting a greater OMI of the BMR sorghum diet (Table 4) ;
Chewing Activity and Rumlnal Environment
Source of silage had no effect on eating activity (Table 6) . Com silage promoted the greatest rumination activity (495 min/d), which reflected its comparatively large particle size ( Table 2 ) relative to that for the other silages. Physically effective fiber is defined commonly as a function of fiber concentration and particle size. In our study, the ranking of silages by physically effective fiber and by rumination activity (minutes per day). from greatest to least, was com silage. BMR sorghum and nor· mal sorghum. and then alfalfa. When rumina· tion activity was expressed per kilogram of NDF intake. the activity increased for alfalfa . silage. which reflected the low OM! (Table 4) for this diet. Total chewing activity (minutes per kilo. gram of NDF intake) was greatest for the alfalfa silage diet. lowest for the 'SMR sorghum silage diet, and intermediate fOf the normal sorghum and com silage diets. When expressed in minutes per day, . total chewing activity was greatest for cows fed the com silage and least for those fed the alfalfa diet. Total chewing activity had little direct relationship with dietary NDF concentration, an observation . also reported by DeBoever et ali (6) for diets containing ~50% forage (OM basis) .
Ruminal pH and ammonia concenJ;tations, averaged over 24 h •. were not influenced by source of silage ( Table 7) . The mean pH was ~6.2 for all diets. and all diets resulted in relatively high acetate to propionate ratios. The total concentration of VFA was greater for the BMR sorghum and com silage diets· than for the alfalfa and nonnal sorghum silage diets. In agreement with the results of our study, Wedig 
